Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 



LINEAE DRAWING: 

AN 

INTEODUCTION 

TO 

TECHNICAL DRAWING, 

CONSISTING OP , 

24 PLATES (4 COLOUEED), 

OONTAININa 

100 FIGURES, GEOMETRICAL, ORNAMENTAL, ARCHITECTURAL, 

ENGINEERING, MECHANICAL, &c., 

AND 

A TEXT-BOOK, 

GIVING COMPREHENSIVE EXPLANATIONS FOR 
THE CONSTRUCTION OF THE FIGURES 
AND NUMEROUS EXERCISES. 

BY 

G. CHRISTIAN MAST, 

Author of *^ French: Practice and Theory.** 



TEXT-BOOK. 



LONDON: 

QHARLES BEAN, 81, NEW NORTH ROAD. 

1874. 
Mi Sights £emfid.] 

my- ^ I 




LONDON : 
PRINTED BT G. SHIELD, SLOANS SQUABB^ CHELSEA. 



PREFACE. 



DuRiNQ an experience of upwards of twenty years in the work of 

education in this country, I have often felt the want of a good 

introduction to linear drawing for schools. The works on that 

subject with which I have become acquainted are, in my opinion, 

either too advanced and suitable only for some special trade or 

profession, or too elementary and uninstructive. In Germanyi 

a practical school-book on linear drawing has been published by 

Herr Oberstudienrath Otto Fischer, under the title ''Muster 

sammlung fur das linearzeichnen" (Stuttgart, J. F. Steinkopf), and 

has met with marked success. This work I have, however, found 

to be too difficult for English pupils, who, generally speaking, have 

not received that thorough instruction in the Grammar of Drawing 

whidi is given in German schools, and I therefore resolved to 

produce a similar work but of a more elementary character. 

Without wishing to discuss the relative values of the Tarioua 

styles of drawing, I may be permitted to remark that it 

has always appeared strange to me that free^nd drawing 

should be considered almost the only kind suitable for young 
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IV. PBEFAO£. 

pupils, and that lin£ar drawing should be deferred to a more 
advanced age. And yet, the latter branch appears primd facie 
the easier of the two, as in linear drawing the pupil has for repre- 
senting the various forms the use of instruments to assist the hand 
and the eye, while in free-hand drawing he must do without this 
assistance. I do not wish to discourage the practice of free-hand 
drawing ; what I would recommend is, the ctdtivation of linear 
drawing side by aide with that of free-hand ; and to bring linear 
drawing within the reach of the young is the main object of this 
book. In composing it, I have endeavoured to render it a simple 
progressive and pleasant introdtiction to an art which has been 
pronounced " the mainspring of technical education" 

But while the work is not intended to. be a guide to any special 
technical art, it can hardly fail to be useful to pupils of all grades 
of society, whatever their future occupation. For, besides 
acquiring a great power over their instruments, they will by the 
method employed in this book be forced to close ohservaMon preci- 
eion accuracy and neatness, moral qualities not too much cultivated 
in schools, yet so essential for the appreeiaiion and execution of 
superior work of any sort. 

As this work is designed for the use of boys and girls of 10 or 1 1 
years of age and upwards, the exercises begin with the most simple 
element — ^the stiaight line. 

The first four plates, containing the easier forms of geometrical 
drawing, and serving as the groundwork of the following figures, 
answer, so to speak, to the grammar of the art In Plates Y. to 
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XIX. these elements are applied to ornamental figoies and designs ; 
in Plates XX. to XXIV., to soientifio architectural mechanical and 
engineering objects. 

In the arrangement of the figures a double gradation will be 
noticed, ^ot only is each plate, generally speaking, a step in 
advance of the preceding one, but in nearly all the plates containing 
more than one figure, these figures themselves are arranged in a 
progressive order. In Plates V. to VII., and also in Plates XI. to 
XIII., the first figure is, so to speak, the key to the rest. 

The objects in the last five plates have been selected either on 
account of the facility with which they may be drawn, or because 
of their fitness in other respects. Thus, the clock and the baro- 
meter are daily before the eyes of the pupil, and the examples of 
original steam-engines will lead him to enquire into the very birth 
of the great invention of our epoch. 

It is by means of careful and systematic preparation in the 
school-rooms throughout the country that the rising generation 
wiU be taught more fully to understand many things exhibited in 
our Annual International and other Exhibitions, things which are 
as yet to many visitors mere objects of wonder, " rare and curious," 
instead of means of instruction and culture. 

The explanations in the text on Geography, Astronomy, 
Mechanics, and other branches of science are restricted to the most 
essential points. 

The great advantage of the introduction of linear drawing into 
QirUf schools^ must appear clear to any one who can see the relation 
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of xnany of ihB designs in this book to fhe vaiiotu arfcicrfcio employ* 
ments which constitute a laige part of female occupation, such as 
embroidery, lacework, &c 

The task of the Drawing-Master will become much easier by the 
use of this book. Little, if anything, more will be required of him 
than to see that the pupil follows closely the directions of the text 
This can be done by almost any teacher, and Drawing may be 
introduced into many schools fix)m which hitherto it has been 
excluded, owing to the want of competent masters. 

In the preparation of the work I have received most valuable 
assistance from Mr. Alfred Ewald Schmid, Assoc. Inst C.E. 

At a time when '' the best means of diffusing technical instruc- 
tion among the people'' is declared to be the great question of the 
day,* I am not without hope that this work, which aims at laying 
the very foundation of that instruction on a broad basis by 
natural and approved means, will meet with a favourable reception 
on the part of teachers and the guides of public opinion; and that my 
exertion in this direction will receive the sympathy of those gentle- 
men and Corporations who are laudably exerting themselves in pro- 
moting the same cause, by offering prizes and other rewards to 

diligent students. 

G. C. MAST. 

148, BuoKiNOHAX Pal/lob Boad, 

London. 

November^ 1873. 



• Vii$ fpeeoh of the Earl of Canuzvon on Technical Education, at Marlbonme^ 
Hooae. 
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INTEODUCTIOK 



1. Several sheets of drawing paper of equal size, and a Htile 
larger than the plates, should be prepared. The paper mnst he 
laid on a smooth, flat surface, for which a small drawing-hoard is 
most suitable, and fastened to it with drawing pins. For the more 
advanced drawings the paper should be carefully damped with a 
small sponge and glued to the board with mouth glue. Apencily 
ruler, ruling pen, and a pair of compasses with a moveable limb, 
for placing a bow-pen or a bow-pencil, are the only instruments 
absolutely necessary for the construction of all the figures. The 
pupil may, however, use a T square, set squares, a parallel-ruler, or 
any other instrument that would facilitate the work. 

2. From the beginning, care should be taken to place the figures 
and designs in a proper position on the paper. When one figure 
only is on a page, it ought to be placed exactly in the middle. In 
order to do this, draw two lines across the paper from comer to 
comer, intersecting each other in the centre; and through the 
point of intersection draw two lines at right angles to each other, 
and parallel to the sides of the paper. As in most figures the 
centre or centre line is given, or may easily be found, the position 
of the figures can thus be readily determined. 

3.' Unless specially stated, no figure is to be drawn the same size 
as the figure on the plate. The first exercise consists always in 
drawing the figure in accordance with the directions and dimensions 
given in the text ; when no dimensions are given the size is optional. 
Except for the figures of the last four plates, the plates should not 
be touched with the instruments, they should only guide the eye so 
as to feu^ilitate the understanding of the directions. The dimensions 
or size of the whole figurei or of any part of it, having been de- 
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termined on, the text book is a Siifficieut guide for constructing the 
figure in the same pioportion as that on the plate. 

4. Every figure must be drawn first with a hard pencil (H.H. 
or No. 3). The lines merely required in the construction, coUled 
avxiliary lines, must be drawn particularly light, so as to be easily 
taken out with India-rubber after the design is finished. 

When the figure is finished in pencil, it must be inked in with 
Indian ink. Before inking in the beginner would do well clearly 
to bring out the design by making the lines of the figure a little 
darker than the auxiliary lines, or by marking the ends of the lines 
by light pencil marks. The thick lines are called &acA; lines, and 
are generally placed at the under side, and on the right of the 
figure. The different shades may be made by Hnes, which is called 
hatching, or may be washed in in fiat tints of various intensity 
with sepia, Indian ink, or any other colour. The coloured 
examples will suffice to show how other designs may be treated. 

5. Advanced pupils who have had some experience in drawing 
should follow the order of the text. Younger pupils may safely 
postpone all exercises beyond the first to each figure until they 
have done exercises number 1. Plates Y. to X. may be taken 
immediately after Plate II., and Plates III. and lY. be postponed, 
the former tUl after Plate X., and the latter till after Plate XYIII. 

6. Should — either at the beginning or at a further stage — the 
pupils find the task beyond their power, the teacher is advised to 
smoothe the path by drawing the figures on the black board, and to 
explain the text which each pupil should have before him. It 
will also be advantageous for the pupils to reproduce, either verb- 
ally or in writing, the text from the finished drawings alone, while 
the more advanced draughtsmen ought to find out for themselves 
the elements of some of the designs, and to make the drawing quite 
fceely after having merely read the text. 
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A.— PLATES I-IV. FIGUEES 1-27. ELEMENTAEY 

GEOMETEICAL FIGUEES. 



PLATE 1. 

Figure 1. — A straight line and method of dividing it into 

various scales of equal parts. 

The line A B is a straight line. Its length is 8 inches, English 
measure, or a little more than 20 centimetres French measure. 
The eight inches on the upper side of the line are indicated by A-1 ; 
1-2 ; 1-3, &c. The first inch, A-1, is sub-divided into half inches, 
quarters, and eighths of an inch. In the French system the unit 
of all measurements is the metre. Let A B C D in Figure 2 
represent a line passing round our globe from pole to pole. Divide 
one quarter of this circumference, as A B, into ten million parts, and 
one of these parts is the length of a metre. 

One-tenth of a metre is a decimetre ; one-tenth of a decimetre is 

a centimetre ; and one- tenth of a centimetre is a millimetre. On 

the lower part of the scale A B the fifth part of a metre is shown, 

and A-20 is equal to two decimetres (the one A-10, and the other 

10-20), or 20 centimetres. There are marked also 10 millimetres 

(A-1). These French measures are written in figures as follows : — 

1"* = one metre. 

0"^'l = „ decimetre. 

0"^01 = „ centimetre. 

0»*001 == „ millimetre. 
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1"*5 is one metre five decimetres. 0"*'25 is two decimetres five 
centimetres, or, as usually read, twenty-five centimetres. O'^'ISG is 
one decimetre, eight centimetres, and 6 millimetres, or one hundred 
and eightynsix millimetres. 

Exerdsea. — 1. Draw a line equal to A B in length ; and also 
another 10 inches long. 

2. Draw lines 6J, TJ, and 9f inches long respectively, and vary- 
ing in thickness, and others also 0"-2 ; 0"-15 ; 6"^-176 ; and 0"-203 
in length. 

Figure 2. — The circle, circumference, arc, &c. 

The figure A B C D is called a circle. It is formed by turning 
a line A lying on a plane completely round on one of its ends, 0. 
The line described by the other end A, of the line A, is called 
the circumference of the circle. A part of the circumference as B A, 
is an arc. The point is called the centre, A line passing from 
the centre to the circumference, as A, is a radius (plural radii). 
A line passing through the centre and terminated both ways by 
the circumference is a Diameter. 

Exercises. — 1. Draw circles with radii of the following lengths : — 

h f> ^h ^^^ ^f ^^ *^ ^^^ respectively. 

2. Draw circles from the same centre, and with diameters of the 
following lengths : — 2, 4, 6, and 8 centimetres ; and others with 
diameters 3, 6, and 9 centimetres in length. 

Note, — Circles described from a common centre, as in exercise 2, 
are called concentric. 

FiGUBE 3. — Lines and Angles. 

If a straight line G D stands upon another A B in such a manner 
as not to incline on either side towards A B, each line, in relation 
to the other, is caUed a perpendicular. Lines like a c and h c that 
are inclined on either side are cedled slanting lines. 

If a perpendicular has the direction of a plumVline, as C D, it ia 
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aaid to be verUcal; and the line to which it is perpendicular is 
called a horizontal line. The space A C D, or £ C D, which is 
bounded bj two lines standing perpendicular to each other, is 
called a right angle. Two right angles, COB and BOA, figure 2, 
are also obtained by erecting a perpendicular line, B on A, 
the diameter of a circle. 

An angle that is smaller than a right angle, as c a 0, or C e &| 
figure 3, is called an acute angle ; and one that is larger than aright 
angle, as A a c, or c & B, is an oUme angle. 

Prohlem — To erect a perpendicular at any point (7, in the line A B. 
Mark off the points a and &, making G (t equal to h. From 
these points as centres, and with a radius of any convenient length, 
describe above or below the line A B two arcs intersecting each 
other in c. Draw c 0, and produce it to any length to D, D will 
be perpendicular to A B. 

FiGXJRB 4. — Prohlem : To erect a perpendicular line at any 
point C^ator near the extremity of a line A B. 

From any point O, with the radius C, describe a circle a C &, 
intersecting the line A B in a. Join a O, and produce it to the 
opposite side of the circle intersecting it in h. Draw h C, and pro- 
duce it to any distance D, and G D will be the perpendicular line 
required. 

Exercises : 1. See Introduction 3, page xL 

2. Draw a circle having two diameters at right angles to each 

other, and at their eidzemities erect perpendiculars on both sides ; 

produce these perpendiculars till they meet, and a square outside the 

oirde will be formed. 

Fiouan 6. — Another method of erecting a perpendicular G D, 

at the point G, in the line A B. 

From G measure off to (2 three equal parts of, say 1 inch each, 

taken fiK>m the scale of equal parts. From Q, and with a 
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equal to 4 paxts, describe an arc above C, and from the point a, 
with a radius equal to 5 parts, describe another arc intersecting the 
previous one in b. Connect b with C, produce it to D, and C D is 
the perpendicular required. 

Figure 6. — Problem: To draw a line parallel to anotJier line 

A By at any distance from it. 

At points a and b near the extremities of A B, erect the per- 
pendiculars a e and b d. On these Imes mark off the distance at 
which the parallel line is to be drawn in e oxAf. Join e /, produce 
it to any length to C and D, and C D is the parallel required. 
Note, — The figure a b f e ia called a rectangular parallelogram. 
Exercises : 1. Draw parallel lines at various distances. 

2. Draw a rectangular parallelogram 0™*16 long and 0™*08 wide ; 
and also another inside the larger at a distance of O'^'Ol from its 
sides. 

3. Eepresent the face of a beam 12 feet long, and 1 foot wide, at 
a scale of I inch to the foot ; that is to say, let every foot of length 
and depth in reality be represented on paper by 1 inch. 



PLATE II. 



Figure 7. — Problem 1 : To describe' an equilateral triangle. 

Draw the line A B of the length of one of the sides of the triangle. 
From its extremities A and B as centres, and with a radius equal to 
A B, describe two arcs cutting each other in C. Join C A and 
C B^ and A G B is the triangle required. 

Problem 2 : To bisect a given straight line A B, 

Describe arcs of circles from A and B as centres, and with a 
radius of any length not less than half the given line A B, inter- 
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fleeting each other in a and b above and below A B respectively. 
Join a h ; this line will bisect A £ in point c, and be also perpendi- 
cular to it. 

Note. By repeating the above process with the parts of A B, a 
line may be divided into 4, 8, 16, &c., equal parts. 

Exercises: 1. Draw a line 7. inches long and divide it into 8 
equal parts. 

2. Draw an equilateral triangle, the side of which is 3 inches 
long ; bisect each side, and from the points of bisection draw lines 
to the opposite angles. If the figure has been correctly drawn, all 
these lines will intersect each other in one point within the triangle, 
and will be perpendicular to the sides of the triangle. 

FiGUBB 8. — Problem: To draw equilateral triangles between 
tioo given parallel lines, A / and a F. 

On the line A / measure off any distance A n. Upon A n construct 
an equilateral triangle. Ana and produce the side A o till it 
meets the line a F in C, make A B equal to A C, and join C B, 
A C B, is one of the triangles required. Bisect A B in &, and 
from the point C mark off on both sides the distances C a and C c, 
each equal to A 6 or & B. Join a b and b c, and ab c will be one 
of the triangles of the inverted series: To complete the figure 
requires no further guidance. 

Exercise : Construct equilateral triangles between parallel lines 
at a distance of 3^ inches from each other. 

Figure 9. — Problem (a) : To construct a square on a/ny given 

line A B. 

At the points A and B erect perpendiculars A a and B &, make 
A C and B D equal to A B ; join C D, and A B C D is the 
square required. 
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Problem (h): To divide a square into two eqnal parts. 

1. Draw from the angle C a line to the opposite angle B of the 
square, and A C D, and A B D, will each he half of the square. 
In like matnner the line A D will divide the square into two equal 
parts, A C D and A B D. 

Note. — The lines C B and A D are called diagonals. 

2. Bisect A B and C J) in i and k, join i k, and it will divide 
the square into two equal parts, A i k C and iBD k. In like 
manner wiU the square be bisected by the line m n, erected per- 
pendicularly on A C at the point obtained by bisecting A C. 

Exercises : 1. See introduction 3. 

2. Construct a square upon a line 0"*'18 long. Inside it and 
parallel to its sides draw, at a distance of O'^'OS, a smaller square ; 
construct a third one inside the second and under similar condi- 
tions ] bisect the sides of the inner square and at the points thus 
obtained erect perpendiculars to the sides of the outer square. 

3. Draw a plan of the following, at a scale, of one-eighth of an 
inch to a foot. I have a square piece of ground, the side being 90 ft. 
long. In the middle of it I wish to erect a building 30 ft. square 
Around the inside of the boundary of the ground and around the 
building I wish to have paths 5 feet wide ; and also four paths, 
each 6 feet wide, leading from the middle of each boundary line to 
the middle of each wall of the building. 

FiGUBB 10. — A chess-hoard. 

Draw the square A B C D of any required size. Divide it into 
four equal squares, as in 2, previous Fig. ; each of these divide 
again into as many parts, repeat this operation, and sixty-four equal 
parts wiU be obtained. 

The same result may be obtained by dividing each side of the 
square A B D C into eight equal parts, and drawing lines from the 
points of division parallel to the sides of the square. 
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Note, — ^The miinber of smaller squares obtained is equal to the 
square of the number of parts into which the side of the original 
square has been divided ; in the above example it is 8 x 8 = 64. 
If the square be bisected by a perpendicular on A B, at a point 
half-way between A and B, the number of smaller squares in each 
half would be 32, obtained by the multiplication of the numbers 
into which the respective sides have been divided, that is, 4 x 8 
= 32. The results obtained as shown in this note form the basis 
of all mrface or area measurement. 

Exercises: 1. See introduction 3. 

2. Draw a chess-board measuring 64 square Inches, and having a 
border round it half-an-inch wide. The board thus drawn is half the 
length of that in common use ; state in what proportion the surface 
of the latter stands to that drawn in this exercise. 

Figure 11. — Prohlem: To divide a line into three, or any other 

nurriber of equal parts. 

Let A B be a line to be divided into — say, three equal parts. 
From either of its extremities, say from B, draw a line B C making 
an acute angle with A B. Upon it measure off any three equal 
parts, beginning at B, as B-1, 1-2, 2-3. Draw A 3, and through 2 
and 1, lines parallel to A 3, meeting A B in 2) and c, and the line 
A B is divided into three equal parts in the points h and c. To 
divide A B into five, seven, or any other number of equal parts, 
proceed as above, maiking off on B C the number of parts into 
which it is required to divide A B. 

Exercises : 1. Divide a line 0"'16 in length into five equal part^ ; 
give the result also in figures (French measure). 

2. Divide a square 6 inches long into 49 equal squares, and 
express the area of the whole in square inches. 

3. A square is divided into 81 equal parts, its area is 81 square 
inches, how long is the side of each of the smaUer squares? 

c S 
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PLATE III, 

FiGTTRB 12. — Problem 1 : To inscribe an equilateral triangle 

in a circle. 

Let the circle "be A B C. Draw the diameter, a C. With the 
radius as a describe, from the point a, the arc of a circle, A B, 
intersecting the given circle in the points A and B. Join A B, 
B C, and C A ; the triangle A C B is the equilateral triangle re- 
quired. 

Problem 2 : To describe a regular hexagon (a six-sided figure) 
t in a circle. 

Find the points A, C, and B as in the previous figure. Join A a 
and B a. From C mark off C c and C b, each equal to a A or 
a B. Join C c, c A, and C b, & B, and AaB b C c will be the 
required hexagon. 

Problem 3. — To circumscribe a regular hexagon about a given 

circle. 

Construct a regular hexagon within the circlo. Bisect the sides 
of this hexagon as shown on the side A a, which is bisected in d. 
From the centre 0, draw d and produce it to the circumference at 
6. Obtain in a similar manner aU the points 6, and through them draw 
lines parallel to the sides of the inscribed hexagon, meeting each 
other ID. f g h i k I respectively ; a regular hexagon outside the 
circle will thus be formed. 

Exercises : Construct inside a circle whose radius is 0"*065 long. 
First, an equilateral triangle ; second, a regular hexagon ; third, out- 
side the circle construct a regular hexagon. Express in words and 
figures the length of the diameter of the circle ? 
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Figure 13. — Problem 1. — To inscribe a square in a given circle. 

Let a b c dhe the given circle. Draw two diameters, a b and c d, 
at right angles to each other ; join a c, c b, b d, and da; the figure 
a c b d bi the required sqaare. If the square is required to be in 
the position of A B C D, bisect the angles formed by the diameter 
a b and c d ; produce the lines of bisection to the circumference, 
meeting it in the points A B C D. Join these and the required 
square is obtained. 

Problem 2. — To describe a square about a given circle. 

(a) Draw the inner square A B C D, obtain the points a b cdaa 
the points e were found in figure 12, 3. Through these draw lines 
parallel to the sides of the square, and the external square E .F G H 
will be formed. 

(b) Or if the inner square A B C D be not drawn, let the two 
diameters, a b and c d, be drawn at right angles to each other. 
From the points a cb d, and with a radius a of the circle, draw 
arcs intersecting each other in E F G' H. Draw E F, F G, G H, 
and n E passing through the points c b d a; the square required 
is E F G H. 

Exercises: 1. See Introduction 3. 

2. Draw a circle with a radius of 3 inches. Construct squares 
inside and outside of this circle in the position of A B C D, and 
of E F G H. Inside the smaller square draw a third one at a 
distance equal to that of the outer square Irom the first inscribed 
square. 

3. A lady has a round table, with a diameter of 2 feet. She 
wishes to have a chess-board made, the corners of which must coin- 
cide with the circumference of the table, when laid exactly on the 
middle of the latter. The border round the board is to be about 
one-eighth of the entire width of the board. Draw a model of the 
table with the chess-board upon it at a scale of 3^ inches to the foot» 
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FiauRB 14. — Problem 1 ; To inscribe a regular octagon {an 
eight-sided figure) in a given circle.. 

Draw tWo diameters, ab and c d, at right angles to each, other. 
Construct the square efgh ahout the circle. Draw the diagonals, 
e g and / h^ cutting the circle in the points i k I m. Join am, cl, 
hhyd i, and the octagon required is formed. 

PrMem 2 ; To describe a regular octagon about a circle. 

Draw the diameters, a b and c d ; construct efgh, and draw its 
diagonals e g BxAfh, Ati k I m erect lines on hoth sides of the 
diagonals and at right angles to them, meeting the sides of the 
square efgh, and nopqrstuis the regular octagon required. 

Exercise : 1. Construct similar octagons inside and outside a circle 
with a radius of O'^'O?. 

FiQURB 15. — Problem 1 ; To inscribe a regular pentagon (five- 
sided fi^re) in a circle. 

In any circle draw the diameters, a b and A H, at right angles to 
each other. Bisect a in e. From e as a centre with the radius 
6 A, describe an arc cutting the diameter a & in/. From A as 
centre, with the radius A /, describe the arc f c, cutting the circum- 
ference of the circle in B. Join A B, which is one of the sides of 
the pentagon. To complete the figure, mark off the sides B C, C D, 
D £, £ A, each equal to A B. 

Problem 2 : To inscribe a regular decagon [tenrsided figure) in 

adrcU. 

Inscribe a regular pentagon as above described. Bisect each of 
the sides mg^h i, I k. Through these points draw from the centre 
0* radii, meeting the circumference in the points F G H I K 
Join A F| F B| &c., which will complete the decagon. 
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Exercises: 1. Construct a regular pentagon and a regular deca- 
gon, inside a circle with a diameter of 4| inches: 

2. Construct a pentagon inside a circle with a radius of O'^'OS 1, and 
construct also another outside with its sides parallel to those of the 
inner pentagon, touching the circlor in points corresponding to 
F, G, H, I, K. Eadii A, B, C, &., produced will give the 
limits of the sides of the circumscribed pentagon. In a similar 
manner a decagon may be constructed outside a circle. 

Figure 16. — Problem: To conshntct a regular pentagon, the 

length of one side being given. 

Let A B be the given side. Bisect it in a. At the extremity B, 
erect the perpendicular B c equal to A B. Produce A B through 
B. From a as centre, and with the radius a c, describe an arc in- 
tersecting A B produced in b. Fi om the points A and B as centres, 
and with the radius A &, describe two arcs intersecting each other 
in D. From the points A B and D as centres, and with the radius 
A B, describe arcs intersecting each other in C and E. Join B C, 
C D, D E, and A E, and the required pentagon will be formed. 

Eockrcise. — In the same manner as above draw a regular pentagon, 
the side of which is to be 2 inches in length. 

Figure 17. — Problem : To construct a regular hexagon, the length 

of one of its sides being given. 

Let A B be the given side. From its extremities A and B as 
centres, and with A B as radius, describe arcs intersecting each 
other in 0. From the point as centre, with the radius O A or 
B, describe a circle ; upon the circumference of this circle mark 
off divisions with the radius A, and the angles of the required 
hexagon will be formed ; join these points for the hexagon. 

jExerdse. — ^Draw a hexagon in the same maimer as above, a side 
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of which is *045 in length, and upon it describe a dodecagon 
(See figure 15.) 

Figure 18. — Problem : To conatruct a regular octagon^ one side 

being given. 

Let A B be the given line ; produce it indefinitely to a and h. 
At the points A and B erect perpendiculars of indefinite length, 
namely, A c and B d. From the points A and B as centres, and 
with the radius A B, draw arcs intersecting A a and Ac in w^ and 
B h and B c? in m. Bisect these arcs in the points H and C ; £rom 
these points draw H G and C D parallel to A c and B df, and equal 
to A B. From G and D as centres draw arcs cutting the perpen- 
diculars A c and B d in F and E. Join G F, F E, and E D to 
complete the octagon. 

Note, — ^The centre of this figure is the intersection of two diago- 
nals, as of A E and B F, in 0. 

Exercise, — Construct an octagon in the same manner as above, 
the length of one of its sides being 45 millemetres. Describe a 
circle about it, and outside this circle an octagon parallel to the 
smaller one. 

FiGURK 19, — A Circular Protractor (an instrument for measuring 

angles.) 

The circumference of a circle being divided into 360 equal parts, 
and lines or radii being drawn from the centre to these points of di- 
vision, the space, or angle contained between any two of these radii, 
is called a degree. Each degree is subdivided into 60 parts called 
minutes, and each minute into 60 seconds. The signs or exponents 
of these measurements are ® ' " respectively : for example, 45° 30' 
25'' reads, 45 degrees, 30 minutes, 25 seconds. 

From the centre with the radii of 2^ and 2 inches, describe 
^^'«*»les for the outer and inner edges of the protractor. From the 
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same centre, with radii of 2J and 2f inches, describe two other 
circles between which the divisions are to be marked. 

Draw the diameter A B, and at right angles to it anoth^ dia- 
meter ; the circle is thus divided into quadrants, each containing one- 
fourth of the number of degrees in the whole circle, that is, 90**. 
Divide each of these quadrants into 9 equal parts, and each of these 
parts will contain 10°, each of which must again be divided into 10 
equal parts, to obtain the size of 1°. The %ure in the plate being 
small, only a portion of the subdividing has been carried out. 

The degrees are numbered in two directions, beginning with zero 
at A and going completely round the circle towards the right ; and 
beginning also with zero at E and going round in the contrary di- 
rection, in each case numbering at every 10 degrees, a & c t? re- 
presents " the stiffening bar " with its edge a b coinciding perfectly 
with the diameter of the circle passing through the zero divisions. 
This bar is feathered down to the edge a 2), so as to be more easily 
applied to any line. At the centre a little notch will be ob- 
served j this is made that the point of coincidence of the two 
lines forming the angle to be measured may more readily be ob- 
served. Protractors are also made with the divisions marked for 
half the circle only, that is to say, from zero to 180. In this case 
the instrument is limited by the lower line c d of the stiffening 
bar, produced to the circumference of the outer circle. 

Exercise, — Construct a similar protractor with a diameter 20 cen- 
timetres in length, making the width of the ring and stiffening bar 
2 centimetres. 

Figure 20. — The mode of measuring an angle by means of a 

protractor* 

Let B A C be the angle to be measured. Should the lines A B 
and A C be shorter than the radius of the protractor, produce them 
to a sufi^ient length towards b and o. To obt^ greater accuzacy 
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it is desirable, when possible, to produce them also in tbe opposite 
direction towards d and e. To measure the angle lay the protractor 
on either of the lines, say on A C, in such a manner that its centre, 
0, coincides with the angular point at A, and that the edge ab of 
the bar of the instrument lies evenly on the line A C, and so that 
its zero poii^t falls on the line A E, or AC produced. Then, 
counting to the left, read off the degrees corresponding to the line 
A B, or A B produced. In the present instance the measurement 
of the angle is 90^, or a right angle, as marked on the diagram. 

If the angle is measured from the line A B the protractor must 
be laid on this Hne, and the degrees counted from left to right. 

Note, — Eegular polygons of any number of sides may be rapidly 
constructed by means of this instrument. The angle required is 
found by dividing 360° by the number of sides in the required 
polygon. To construct, for example, sm octagon within a circle, as 
in figure 14, by means of the protractor, obtain the angle required 
by dividing 360° by 8 = 45°. Mark off on the circumference of 
the circle every 45° in the points a, m, c, Z, b, k, d, ^, &c. Join 
am,mc, Ac, and a regular octagon will be formed. 



PLATE IV. 



FiGUBB 21. — To construct an oval, the two diameters being given. 

Let A B and C D be the two given diameters. Place them at 
light angles so as to bisect each other, as in figure 21. The point 
of intersection will be the central point of the oval. From 
mark off a towards A and B, each equal to O D or C. Draw 
the lines DA, D B, and C A, C B. On them mark off D 2^ and 
G b equal to A a or B a ; bisect the distances A b dnd B 5 in the 
points df and through these draw lines at right angles to A D, 
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D B, B C, and C A, intersecting each other in the points 1. Make 
1 c equal to 1 A or 1 B, and these lines will be the radii of the 
arcs c Ac and c B c from the centres 1. Produce the lines c 1 till 
they intersect in points, 2 which will be the centres, and 2 c the 
radii, for describing the arcs cD c and c G c. 
Exercise, — See Introduction 3. 

Figure 22. — Problem : To describe an oval of a given length and 
breadth, so that one half of the small arcs shall contain an 
angle of 45°. 

Let A B and C D be the given length and breadth. Place them 
at right angles and bisecting each other in 0. From the centre 
with the radius A or B describe a circle passing through the 
points A and' B. Produce the smaller axis C D to the points 
c and d; the circle will thus be divided into four equal parts. 
Bisect each quadrant in the points a by the lines a 0. These lines 
bisect the angles A c, &c., which are right angles, and 
therefore the angles A O a and a c are each half a right angle, 
or 45°. 

Draw the cords A a, a c, &c. From the point C draw a line 
parallel to a c, meeting A a in the point b. From b draw a line 
parallel to a 0, meeting the axis A B in the point 1. The line b 1 
being parallel to a 0, the angle & 1 A is an angle of 45°. The 
point 1 is the centre, and the line b 1 the radius of the small arc. 
To £bid the centres for describing the large arcs, produce the radii 
& 1 to the points 2 in the axis C D, and these points are the centres 
of the arcs passing through the points C and D. 

Exercise. — See Introduction 3. 

FiGUBE 23. — To construct an oval, in which the angle contained by 
the smaller arcs are 120°, the diameter being given also. 

Let A B and C D be the given diameters. Bisect A B in 0. 
From as centre, and with the radius A, describe a dicle. On 
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its circnmf erence mark off from A and B, with the radius A 0, the 
arcs A a and B a, on both sides of A B. Draw the two diagonals 
a a as shown by the dotted lines. These lines divide each semi- 
circle into three equal parts, therefore the angle A a is equal to 
•^f^ = 60°, and therefore the diameters a a are at an inclination of 
60° to A B. Produce D C to c and d on the circumference. Join 
A a, B a, a c and a d. From the points C and I) draw lines 
parallel to c a and d a, meeting the lines A a and B ain. b, which 
are the points of junction of the larger and smaller arcs of the oval. 
From b draw lines parallel to the dotted lines a a, intersecting each 
other in the points 1 in the major axis A B, and in points 2 in the 
minor axis C D produced. These lines being parallel to a a, are, 
like the latter, at an inclination of 60° to the axis A B. The 
points 1 are the centres, and the lines 1 b the radii of the smaller 
arcs b, A b, and bB b, comprising an angle of twice 60° = 120°; 
and the points 2 are the centres, and the lines 2 b the radii of the 
larger arcs b C b and bJ) b. 

Note. — By comparing the oval of figure 23 with that of figure 22 
in both of which the length and breadth are identical^ it will be 
observed that, by increasing the angle of the smaller arcs, the ends 
of the oval become more ample. 

Exercises: 1. See Introduction 3. 

2.' At a scale of ^ of an inch to a foot draw, in a rectan- 
gular grass plot, 13 ft. wide and 33 ft. long, a plan according to 
the following instructions. In the grass plot are three flower beds. 
The centre bed forms a circle of 9 ft. in diameter, and the two side 
beds are ovals, as described in figure 23 ; their major axes, 9fL long, 
. or equal to the diameter of the centre bed, and placed so that their 
m^jor axes run parallel to the smaller sides of the rectangle. The 
distance between the border of the centre bed and that of the side 
beds is 4ft. 
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FiGUHB 24. — To construct an oval in which the long axia A Bis 
equal to any four units of measure, and the short axis C D 
equal to three units of the same measure. 

Divide the long axis A B into three equal parts in the points 1. 
On the part between the points 1 construct an equilateral triangle 
on both sides, obtaining thus the points 2. Produce their sides to 
the points a, making 1 a equal to one of the sides of the equilateral 
triangles. From the centres 1, and with the radius 1 a describe 
the small arcs a A a, and a B a ; and from the centres 2, and with 
the radius 2 a describe the arcs aG a and a D a. 

Exercise : See Introduction 3. 

FlGUBB 25. 

The term " oval" meaning egg-shaped, Pig. 25, is given to show 
the exact shap'e of an egg and the manner of drawing it. 

Divide the length of the egg, indicated by the line A B, into 
three equal parts. Mark the point of division, next to A by 1, and 
from it as centra, and with the radius A 1 describe a circle. By 
bisecting the lower third of A B, you obtain the centre 2, as well 
as the radius 2 B of the smaller circle. Through the point 1 draw 
the line 3-3, at right angles to A B, making the distances 1-3 equal 
to the diameter of the larger circle, and cutting its circumference in 
C and D. From 3 draw lines through the centre 2, and produce 
them to the points a on the circumference of the smaller circle. 
From 3 as centres, and with the radius 3 a, describe the arcs a D 
and aC. 

Exercises : 1, See Introduction 3. 

2. Measure the length of any egg, and draw its outline by the 
above method. 

Figure 26. — An egg-cup with an egg in it. 
The points 1, 2, and 3 are obtained as in Fig. 26. Both the 
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dotted arcs and those parallel to them, forming part of the cup, are 
drawn from the centres 3. To get the points 4, the centres of the 
small arcs, make the distance 2-4 equal to one-third of the length of 
the egg. The lower part of the egg-cup needs no further guidance 
for its construction, and may be varied by the pupil, 

Exercises: 1. See Introduction 3. 

2. Put an egg into an egg-K^up, and make a sketch of it by the 
above method. 

Figure 27. 

In the ovals of the figures 21, 22, and 23, the proportion of the 
longer to the shorter axis is as three to two. If the shorter axis is 
less than two-thirds of the larger, the above methods are not admis- 
sible, because the arcs, at their points of junction, would make the 
impression of jarring. To avoid this, such ovals must be constructed 
from five, seven, or more centres. Fig. 27, an oval in which the 
laiger axis A B is nearly twice as large as the smaller G D, is an 
example. It is constructed from five centres. 

Divide the axis A B into six equal parts, thus obtaining the 
points 1, a, £, a, 1. On both sides of the distance between 1 and 
1 erect the equilateral triangles 161. Through the points 6, E, 6, 
draw the line e d indefinitely. Produce the lines 6 1 to e, making 
I e equal to 1 A or 1 B. The pomts 1 are the centres, and 1 e the 
radii, of the arcs e A.6 and e B e. From the points h mark off 
towards d and c, distances equal to one of the divisions of A B, to 
obtain the points 3. From these points draw lines to a and pro- 
duce them to /, making 2 / equal to 2 p. Through the intersection 
of those lines with 1 &, the points 2 are obtained From these 
points as centres and with the radius 2 e, describe the second arcs 
6 f, and from the centres 3, and with the radius 3 / describe the 
arcs/C/and/D f. 

^"^ote, — The figure as described above is a near approach to an 
I, the constraction of which is described in Plate XX., Fig. 83. 
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Exerdsea: 1. See Introduction 3. 

2. Draw a plan, according to the following instmctions, and at a 
scale of J of an inch to the foot, of a garden which is 46 feet long 
and 31 feet wide. All round the garden is a path 6 feet wide, and 
within the enclosed rectangle an. oval, the longer axis of which is 
30 feet long, as in Fig. 27. From the extremities of the smaller 
axis of the oval is a path 5 feet wide, communicating with the outer 
path in such a manner that half of it lies on either side of the 
smaller axis produced. In the middle of the oval is a circular 
fountain, 5 feet in diameter. A path, 5 feet wide, encircles this 
basin, and one 4 feet wide is inside the oval. Care must be taken 
to stop the lines at their intersection with each other, forming thus 
a flower-bed on each side of the fountain. 
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B.— PLATES V.-XrX. FIGUEES 28-79. APPLICATION 
. OF GEOMETEICAL FIGUEES TO VAEIOUS 
OENAMENTAL DESIGNS. 



PLATE V. 



Note. — In all the figures of this plate straight lines and squares 
form the elements of the designs, and of the division of the various 
parts. 

» 

Figures 28 to 32. — Easy studies on the application of the square. 

For the construction of these figures the pupil is referred to the 
" Introduction," beyond which he requires no further guidance. 

Figure 33. 

Draw a & of an indefinite length. At a erect a perpendicular a c 
of a given height. Divide a c into three equal parts in / and g. 
Through c, /, and g draw lines parallel to ah. On a h set off one 
of the divisions of a c, seven times, to obtain the points 1, 2, 3, 4, 
6, 6, 7. From these points draw parallels with a do c tt. For 
the rest of the construction follow the directions in the Intro- 
duction. 

Exercises: 1. See Introduction 3. 

2. Draw the same figure, making the sides of the small squares 
two centimetres long, and repeat part of the design towards the side 
indicated by the dotted lines, so as to make its total length 22 
centimetres. 
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Figure 34. 

On a line ah oi indefinite length erect the perpendicular a c of 
any desired length. Divide it into five equal parts in the points 
e, f, g^ h. Through these points and through e draw parallels to 
a b. On ah and c d set off any number of parts — say 13 — each 
equal to one of the divisions of a c, and mark them by the figures 
1, 2, 3, &c. Draw lines from 1 to 1, 2 to 2, &c. ; count carefully 
the number of divisions required to form the design, pencil it in 
and ink it over as directed in the Introduction. This, like the pre- 
vious figure, may be continued to any lengthy 

Exercises : 1. See Introduction 3. 

2. Make one of the squares half an inch, and the whole design 
the length of the paper. 

Figure 35. 

Draw a line a & of any required length. At one of its extremities 
erect the perpendicular a c. On both L'nes mark off any number 
of equal parts, 1, 2, 3, &c., towards h and c, and draw lines through 
the points 7 parallel to a & and a c, thus obtaining the lines 7 e 
and 7 /intersecting each other in d. The lines d e and ^/(con- 
tinued) form the inside harder line. 

Through all the divisions I9 2, 3, &c., on a c and a h draw lines 
parallel to the latter ones, taking care to limit them beyond the 7th 
division, at their junction with the inside border lines. To facili- 
tate the construction of the parallel lines beyond the 7th division, 
mark off &om d the divisions 8, 9, 10, &c., on d e and d ff 
taking care to number the first division on both lines by 8. To 
oomplete the design follow previous instruction. 

Eocerdses : 1. See Introduction 3. 

2. Draw another complete border, parallel to the sides of your 
paper, the length a 2> to be divided into twenty-five equal parts of 

D 



34 

1 centimetre each, to be marked 1, 2, &c., to 24 ; and the line a c 
in^o twenty-one parts of equal length, to be marked 1, 2, 3, &c., 
to 20. 

Note. The figure can be made to any length and width, but the 
lines of division must always be a multiple of 4, plus 1, as twice 4, 
+ 1 =s 9, or three times 4, + 1 = 13, &c. 

FiGUBE 36. 

The mode of constructing this figure is similar to that of the 
former ; but the lines b e and c /, indicating the breadth of the 
border, must be divided into five equal parts, and a c and a h into 
any multiple of 4, plus 1 parts. If the figure is not complete, it 
can be broken off at any number of divisions, as in 10 and 14, in 
Figure 36. The double lines must be drawn at a distance of ^ 
of one of the equal divisions. 

Exercises: 1. See Introduction 3. 

2. Draw a complete border parallel to the sides of your paper, 
length 13 divisions, and width nine divisions, of f of an inch 
each. 



PLATE VI. 



The element of all the designs of this plate is the eguHateral 
triangle. 

FiGUBK 37. — Divisions of the eguHateral triangle. 

Draw an equilateral triangle a & c of any size. Divide each of 
the sides into five, or any other number of equal parts (see Fig 11), 
4 ihiough these points draw lines parallel to the sides. 
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Figure 38. — A lozenge and Us divisions. 

On each, side of the line h d, of any lengthy construct the equi 
lateral triangles had and bed, Diyide the lines ab^hc, into any 
number of equal parts, and through the points thus obtained draw 
lines parallel to the sides of the figure. The smaller figures thus 
obtained are similar to the whole figure, and are called lozenges. 
The square of the number of parts into which each line is dividedi 
gives the number of smaller lozenges obtained ; in our figure 6x5 
= 25. 

Exercises : 1, See introduction 3. 

2. Construct a lozenge by the above method, the side of which is 
3 inches long, and divide it into 49 smaller ones. 

FiGURH 39. — A frieze. 

Let the breadth be a n. At right angles to it draw parallel lines 
to any indefinite length. Divide a n into four equal parts, 1, 2, 3, 
and through these points (Iraw lines parallel to those first drawn. 
Beginning at a, construct between the outer parallel lines a system 
of equilateral triangles ab c, cd e, ef g^gh i, as explained in Fig. 8, 
Plate II. Divide all the bases in the lower and in the upper lines 
into four equal parts, in the points 1, 2, and 3, taking care to 
number them as in the figure, beginning with number 1 after the 
letters a, b, c, &c. Draw lines parallel to the sides of the 
triangles from 1 to 1, 2 to 2, 3 to 3, and finish the figure according 
to previous instructions. 

Exercise, See Introduction 3. 

Figure 40. — A frieze. 

The construction of this figure is similar to that just described. 
The height a w, however, is to be divided into six equal parts; to be 
marked 1, 2^ 3, 4, and 5 ; also the bases of the triangles a h c^ 
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bed, &c.y must be divided into the same number of parts, and 
marked off by tbe numbers 1 to 5, beginning after the letters 
tty h, e, &c. 

Exercises : 1. See Introduction 3. 

2. Draw a similar figure 4 inches wide. 



PLATE VII. 



Ornamental designs for various purposes, their foundation being 

the circle. 

FlGUBB 41. 

Draw the centre line a b. Set off the width g h, putting half on 
each side of a & ; draw h i and g k parallel to a &. Mark off the 
distance a 1, equal to a g oi ah. Through the point 1, which is 
the centre of the first circle, draw the line 1 m parallel to g h. 
Divide 1 m into 6 equal parts, and describe the larger circle with 
the radius 1 c equal to five of those parts, and the smaller, with the 
radius 1 e equal to three of those parts. Then set off on a b, the 
distance 1 c, to obtain 2, 3, 4, &c., to 10, the centres for the other 
lings. The radii for all these are the same as those of the first ring. 
In inking in, care must be taken to stop the lines at the points 
where the rings are shown to pass under each other. 

Exercise : Draw a similar figure, making the breadth of the 
band 8 centimetres. 

FiauBB 42. 

Draw the centre line a b. Through a draw c i at right angles, 

making a d equal to ae. Through d and c draw d e and e f parallel 

to a &, and mark off on them the lengths d h and c g^ equal to a e ; 

- ' ^ h intersecting a & in 1, which is the centre of the first of the 

trie circles* Divide 1 h into five equal partSy describe the 
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inner circle with the radius I i equal to one part ; the second circle 
with 1 A; as radius equal to two parts, and the third with radius 1 I 
equal to four parts, leaving the distance I h for the double line of 
the border. The distance between the centres 2, 3, &c., to 9 is 1 a. 
To complete the figure proceed as in the previous example. 

Exercise : For drawing the above design make the distance c d 
equal to 3^ of an inch. 

Note. Both in this and in the exercise to the following figure 
great care must be taken that the circles at their points of touching 
coincide. Their meeting at the exact point depends, of course, on 
the accuracy with which the various radii are measured ofL 

FiouBB 43. 

Draw the lines a b and c d, and the parallel lines d e and c/ as 
in the preceding figure, and ^ ^ at a distance a c from c d. Divide 
1 h into six equal parts, and set off on a 6 the centres 2, 3, 4, &c., 
at distances firom each other equal to 1 ^. 

Describe the circles with the radii 1 t, 1 k, 11, equal to one, 
three, and five, of the divisions of 1 ^ respectively, leaving one part 
for the breadth of the border round the design. The centres of the 
small outer circles are all at a distance of four parts from the centre 
line a b, and lie on lines drawn through l^e points 2, 4, 6, and 8, 
at right angles to ab. These circles have the radius 1 i. 

Exercise : Draw the design, making the breadth ed,9 centimetres. 



PLATES VIII. TO X. 
Designs for ornamental paving or panel. 



PLATE VIII. 

FlQUBE 44. 

Draw the rectangle A B C D, making the length of A B and C D 
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equal to 37, and that of A D and B C equal to 25 equal parts. 
Mark the points of all these parts, but number only those which 
are numbered on the plate. Through the numbered points draw 
lines parallel to each of the sides, to the corresponding opposite 
numbers, from 1 to 1, 3 to 3, &c. Count off the points of inter- 
section of the lines forming the design, and ^ish it according to 
the directions in the Introduction. The distance of the narrow 
parallel lines must be half of one of the divisions, of the sides of the 
rectangle. It will be noticed that some of these must be drawn 
above, others below, some to the left, others, to the right, of the 
numbered lines. 

Exeram : Draw the above, making one of the 37 and 25 equal 
parts a quarter of an inch long. 



PLATE IX. 
Figure 45. 



With the exception of making the sides of the rectangle A B C D 
equal to 31 and 25 equal parts respectively, proceed in exactly the 
same manner as in the previous figure. 

Exercise : Draw the design, making one of the 31 and 25 divisions 
equal to 8 millimetres. 



PLATE X. 

FlQUBE 46. 



-4. in drawing the rectangle A B G D 43 equal parts long, 
I the eaxoe parts wide, finding the points 1, 3, i, 6, Ty&c, 



39 

and diawing fhe auxiliary parallel lines, as in the two pzeviaas 
figures. 

The points a, h, e, d, for the inner rectangle are obtained by tiie 
intersection of the four parallel lines drawn from the points 10 on 
A B and A D from the points 33 on A B and 21 on A D. On the 
lines a b and c d number all the points from 11 to 32, and from 11 
to 20. For the completion of the figure proceed as in the two 
previous numbers. 

Note, It will be seen that the design of the border of this figure 
is the same as that described in Fig. 35. In Fig. 46 the border 
is complete, while in Fig. 35 only a part of it is given. 

Exercises : 1. See introduction 3. 

2. Draw a design like that of Fig. 46, making it 301 centi- 
metres long and 217 millimetres wide. By dividing the length and 
width required by 43 and 31 respectively, we obtain the length of 
one of the equal parts — ^namely, seven millimetres. 

3. Draw a complete border by the method given to Fig 35, and 
vary the pattern of the inner rectangle abed, adapting ft to the 
altered circumstances. 



PLATE XI. 



FiQUBES 47-49. — Amplication of the square and the regular 

octagon to ornamental purposes. 

FlQUBB 47. 

Construct the squares A B G D and £ F G H, within a circle, 
and the square abed without it (see Fig. 13 Plate III.) By th|d 
intersection of the sides of the squares A B C D and £ F G H, the 
octagon efg hiklmia formed. From the centre o describe a 
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ciicle with a diameter eqaal to half of one of the sides of the 
octagon, and from the angles of the octagon e / ^ A, &c., draw lines 
to the centre, stopping them at the circumference of the small 
circle, thus forming a Maltese cross within the octagon. 

Exercise : Draw the ahove, making the diameter of the circle 102 
centimetres long. 

FlGUBB 48. 

Draw the square ah cd and its diagonals, and construct within 
it the two intersecting squares A B G D and E F G H, as in the 
previous figure. Draw also the diagonals of these squares, and 
through the points of intersection of the sides. of both squares with 
their diagonals, draw the lines ef^fh^hg^ge; and i k, k e,l m, 
and m .«, stopping each line (in inking in) at the point where one 
square intersects the other. An octagon is thus formed, within 
which draw the Grerman iron cross as in the plate. Draw the 
square cd ef together with the rest of the figure in a similar manner, 
only varying the design in the centre, as shown. 

Exercms : 1. Draw the above, making the width a 6 4 inches in 
length. 

2. Draw three squares instead of two only, repeating that oiahcd 
on the right hand side of the figure, with a width a & of 8 centi- 
metres. 

FiGUBB 49. 

Draw the centre line a b, and the rectangle c 6 / df in the 
same manner as above descri])ed. On the lines e f and c d 
mark off, beginning at e and c, the distances 6 to 1, 1 to 2, 2 to 3, 
&c., each equal to a 6 or a c. Draw through the points 1, 2, &c., 
lines parallel to d c, intersecting a h inn and m, the centres of 
the circles. Divide a e into five equal parts, and draw the smaller 
circles frotn n as centres wijih radii equal to 1 and 2 parts of a e, 
'-- the inner and outer lines respectively ; and describe the larger 
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circles from m as centres, and with radii equal to 3 and 4 parts of 
a e for the inner and outer lines respectively. To obtain the out- 
side lines of the squares draw lines from 1 to a, from 1 through m 
to 3, from 3 through m to 5, &c. The inner lines must be parallel 
to these at a distance of 1 part of a e, stopping them at their inter- 
section with the lines 1 n 1, 2 m 2, &c. The distance of the inner 
double lines, both for the circles and for the squares is equal to 
one-fourth of one of the parts of a e. 

Meercises : 1. See Introduction 3. 

2. Draw the design again with a width of 3| inches, but finish it 
off so as to make the end within the rectangle 6 f d 6 correspond 
to the beginning within the rectangle e 1 1 c. 



PLATE XIL 

Figures 50 to 54. — Varioits designs of which the equilateral 
triangle, the regular hexagon, and dodecagon are the elements. 

Figure 50. 

Within a circle of any dia^meter draw the hexagon Aa,h G, c d. 
(See figure 12, Plate III.) Join every two alternate points by the 
lines A &, a C, 6 c, C rf, c A, and d a, forming thus two equilateral 
triangles, A & c and aG d, which, by the intersection of their 
sides form the exterior hexagon e f g h i h. Join each two 
opposite angles of this hexagon by the lines eh,f i, and ^ A;, all 
passing through the centre 0. 

Exercise, — See Introduction 3. 

Figure 61. 

Draw the centre line g h, and the line a c, of any given 
length, at right angles to it, making g c equal to g a. 
Through c and a draw lines parallel to g h, and between them con- 
struct the equilateral triangle a ef. (See figure 8, Plate II.) Make 
g n equal to af, and draw/ A; parallel to a c, passing through n. 



Bisect afini, and draw i e bisecting ^ n in 1. From 1 as cezitiei 
and with, the radios 1 g, describe the circle g onp ; and within it 
construct two equilateral triangles, gtu and ^ ?» t;, as in the preced- 
ing figure. 

Bisect all the sides of these triangles in the points x, by drawing 
the lines 8x,bx, &c.y towards the centre 1, and draw the interior 
lines xy y parallel to the sides of the equilateral triangles, thus 
forming the hexagon y yy, &c. 

. Continue two of the interior lines towards the line A;/to z, and the 
first portion of the figure is finished. For the second portion make 
n 2 equal to nl; describe from point 2, and with the radius 2 n, 
the circle nqhr^ and proceed as before. By finding also pointa 
3, 4, 5, &c., in a similar manner as point 2, the design may be con- 
tinued to any required length. 

Exercises : 1. See Introduction 3. 

2. Make the line ac S centimetres in length, and draw three 
instead of two of the portions. 

FlGUBB 52. 

Describe the square A B C D; inscribe a circle with a 
radius equal to half of one of its sides ; within it construct the 
two equilateral triangles, a a a, as in figure 50, forming by the in, 
tersection of their sides the hexagon c c c, &c. Bisect the arcs a a 
iab; join the alternate points h to form the two other equilateral 
triangles, bhh^ &c., in which the dotted lines must not be inked in« 
Within the four triangles the dodecagon, see, &c., is formed, to 
the angular points of which draw the radial lines 6, 6, &c. 

Exercise. — See Introduction 3. 

FlGUBB 63. 

Draw the square C D £ F, inscribe the circle, and within 

i>' construct the four equilateral triangles as in the previous 

), thus obtaining the series of points ab c and d. From the 
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centre draw radii to the points a, passing through e. Parallel to 
the sides of the triangles, a a- a and & & &, draw the lines c e, 
stopping them at their intersection with the next diameter. Draw 
also the short lines 6 /to their intersection with the lines c e, and 
the outline of the star is formed. Draw c g parallel to the sides of 
the triangles, stopping them at g in the outline of the star. 

The lines not lettered must be drawn parallel to, and equidistant 
from, the inner and outer sides of the system of triangles, and care 
must be taken to stop them at their junction with the radii a, 
b, &c., and also with the lines a c, b c, c e, and c g. 

Exercise, — See Introduction 3. 

FiGUBB 54. 

Construct the square E F G H, inscribe the circle, and construct 
within it four equilateral triangles ; letter the points ab cd e and/ 
as on the diagram ; draw also the diameters a a and b b, and all the 
lines which are so far determined, exactly as in the previous figure. 
For the rest produce the lines c dto g, making d g equal io c d ; 
draw g a and g b, and connect the points g with the points 
E F G H, 

Exercise, — ^Draw the above figure, making the sides of the square 
E F G H 7 inches in length. 



PLA.TE XIII. 



Figures 55 to 57. — Designs of which the pentagon and decagon 

are the elements. 

Figure 55. 

Draw a circle with any radius, and within it constract the pen- 
tagon ABODE. (See figure 15, Plate III.) Find the points 
F G H J K, and construct the decagon. Draw the diameters 
A J, G D, B K, H E, and C F, bisecting the sides of the pentagon 
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in thB points abed and 6. Connect these points, and the second 
pentagon is formed. The sides of this pentagon are likewise 
bisected by the diagonals in the points fgh ij, and lines drawn 
between them form the third pentagon. By continuing this process 
the pentagon klmno will also be formed. 

Moercise : Draw the above within a circle whose diameter is 15 
centimetres in length. 

FlGUBB 56. 

Draw the centre line a b equal to twice the diameter of a circle 
of any convenient size ; divide it into four equal parts in the points 
1 A and 2. Through a and b draw the lines c d and efsi right 
angles to a 6, each equal to a A, and so placed as to be bisected by 
ab; draw also d e and cf. From the points 1 and 2 as centres, 
and with the radius 1 A and 2 b, describe circles touching each 
other at the point A ; within these circles construct the pentagons 
ABODE and A F 6 H L From all the angular points draw 
lines to the centres 1 and 2, constructing the inner pentagon g g g 
&Q, parallel to the sides of the first, and at a distance of one-seventh 
of the diameter of the circle, and produce two sides of the pentagon 
^ ^ to the points h. The parallel lines between the outside and 
inside lines of the pentagon must be drawn at a distance from them 
equal to one-fifbh of that between the lines C D and g g. To com- 
plete the figure produce the radii ^ 1 to the points t. 

Note, — In the above figure containing one pentagon band, the 
width of the latter o % may be taken ad libitum ; but if there are 
two bands, the one interlaceing the other, as in figure 57, their width 
is determined, and is found by the following method. After having 
drawn the outside of the pentagon ABODE, find the points ann 
for the second ; draw it as indicated by the dotted lines, and bisect 
its sides in the points x. Bisect also the sides of the first pentagon 
in the points o, draw o o and x x, and x x will be the interior sides 
of the first pentagon, intead of g g, and o o those of the second. 
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Uxerdse 1. — See Introduction 3. 

2. — With a diameter of 8 centimetres for the circle, draw the 
above design twice, the one attached to the other so that the 
last line of the first, H G, forms the first line of the second. 

Figure 57. 

Draw the centre line a b equal to 66 units of a scale of equal 
parts ; on either side of it, and at a distance of nine parts, draw the 
parallel lines c e and d /, and c d and / 6 at right angles to ah. 
From a and h mark and number the distance of 9 parts by 1 and 4, 
and from the latter points the distance of 16 parts in 2 and 3. 
Bisect the distances between 1 and 2, 2 and 3, and 3 and 4 in the 
points % and through these points draw g hy ij, and k I parallel to 
d e and / e. 

From the centre 1, and with a radius 1 n equal to 8 parts, de- 
scribe a circle, and on it £nd the points n and m of a regular decagon. 
Draw two regular pentagons by uniting n n and m m, as shown by 
the dotted lines. On each side of these lines, and at a distance of 
one-fourteenth part of the radius of the circle, draw the parallel lines 
p j9, making thus the whole breadth of the interlacing bands equal 
to one-seventh of the radius. From the centre 1, and with a radius 
of half of the radius of the large circle, draw the circle 8 8 8* 
Divide the distance 8 1 into 5 equal parts and draw the circle tit, 
with a radius of three-fifths, and that marked u u u with a radius 
of one-fifth oi 8 1. The distance of the double lines of the three 
centre circles is equal to one-fifth the distance between these circles. 
From the points r draw the lines r s towards the centre 1. Find 
the points t by drawing lines from m and n towards the centre 
1, intersecting the second circle in the points required. Draw ^ « to 
the inner line of the circle 8 8y also the lines t u, which will 
complete the figure about the centre 1. 

The other parts 2, 3, and 4, are constructed in the same manner^ 
and are joined one with another as shown on the plate. 
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Exercises : 1. — See Introduction 3. 

2. — Draw only 3 parts, the third exactly like the second ; the 
whole design to be 12^ inches long and 4| inches wide (length 50 
parts and width 18, each part ^ of an inch). 



PLATE XIV. 

FiauBB 68. — Ornamental pavement^ or panel loith plaited hands, 

Constract the rectangle AB CI>, with a length of 41, and a 
width of 29 equal parts. On the sides of this rectangle the divisions 
0| h ^f ^9 ^> ^^'> i^^st be made for obtaining the points from which 
the lines of the design must be drawn. The points o are at a dis- 
tance of half a part. Draw lines from o to o, so as to form the 
rectangle aaa a. Divide the longer lines between o and o into 40, 
and the shorter into 28 ^ual parts, and number them as shown on 
the plate. From the points 7 draw lines parallel to the sides of the 
rectangle, to the opposite sides, forming by their intersection the 
interior rectangle b b bb. In a similar manner construct the rect- 
angle eece by drawing parallel lines through the points 9, and 
subdivide it by the lines d d and e e, drawn through the points 13 
and 15. 

To obtain the plaited border draw lines parallel to the sides of the 
rectangle through the points i and 6|, which form its boundaries. 
Draw the slanting lines from points 2 to 2, 3 to 3, &c., as shown on 
the plate, the auxiliary lines indicating the direction in which they 
have to be drawn from the numbered points. 

The plaited figwre in the centre must be drawn after the small 
squaies, placed diagonally, are formed. The construction of this 
central figure, as well as the rest of the design, requires care in 
counting, but no farther instruction. 

Exercise. — ^Drawthe above design, making one of the equal parts 
6 millimetres in lengtk 
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PLATE XV. 

Figure 59. — Fowr rings and a band interlacing with each other. 

Draw a square A B C D of any convenient size, and diagonals 
intersecting each other in the point 1. Bisect the sides in the 
points n, and through these points draw lines parallel to the sides 
of the square. From 1 as centre, and -with the radius 1 w, descrihe 
the circle nnn. Produce 1 n in all four directions to the points 2, 
making n 2 equal to 1 n. Connect the points 2 by lines passing 
through the points A B C D. From the points 2 as centres, and 
with the radius 2 A, draw the arcs A&B, B &C, C &D, and D ftA, 
intersecting the circumference of the circle in the points a a, forming 
thus the outer lines of the figure aah aa,&c. The inner arcs must 
be drawn from the same centres, with a radius equal to 2 6 plus one- 
fifth part of the line 1 b. 

To draw the rings bisect 1 & in 3, and with the radius 3 & de- 
scribe firom 3 the inner circles of the four intersecting rings, and 
describe the outer &om the same centres with a radius one-fifth of 
1 b longer than 3 b — the same breadth as that of the bands. The 
double lines are at a distance of i of the bands &om each other. 

Uxerdse, — ^Draw the above, making the sides of the square 
A B C D 6 inches long. 

FiGXTBE 60. — Gothic balustrade or panelling^ 

Draw the centre line a b, and at a distance of five equal parts from 
it, draw the parallel lines c d and d/, of any length required; at a 
distance of half a part draw a line parallel to a 6 on each side of it. 
Draw c 6, intersecting abinr. From r mark off on a 2^, at a distance 
of nine parts, the other points r r, and as many as may be required ; 
bisect each of the distances r r in the points 1, 2, 3, 4, &c. From 
the points r, 1, 2, 3, &c., as centres, and with a radius equal to four 
and a-half of the parts^ describe circles cutting each other. From 
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the same centres, and mth. radii equal to four and five parts respec- 
tively, draw the inner and outer circles, taking care to stop them at 
their points of meeting "with each other, and with the parallel lines 
of the centre bar. To finish the figure draw mitre joints (the cross 
lines at the junction of the ribs). 

iSoserdse, — Draw the above, making it the length of your paper 
and 54 millimetres wide (one of the equal parts being six milli- 
metres). 

Figure 61. — Gothic balustrade or panelling. 

Draw the centre line a h, and at a distance of four and a-half 
equal parts the parallel lines n n and o a. Draw c c at right angles 
to ab, and parallel with it, and at a distance of nine parts, the lines 
d d^e Bfff, g g^hh, forming thus five equal squares. Bisect them 
by drawing the lines m m, and mark the points r. From the points 
c, d, e,/, g, h, as centres, and with a radius equal to cr oi dr, draw 
arcs meeting in the points r. On both sides of all the lines thus 
formed draw parallel lines at a distance equal to half of a part, 
stopping them at their points of meeting with each other, and draw 
the mitre points, as in figure 60. 

Eocercise. — Draw the design, making it 11 J inches long and 2 J 
inches wide. (One part is equal to quarter of an inch.) 



PLATE XVI. 

Figure 62. — OofMc panel or grating in metal. 

Draw the rectangle A E C D (represented on the plate by the 
second lines ab,cd, e/, and g h), making its length equal to twelve, 
and its width equal to eight parts, and numbering the divisions &om 
the angles to the middle of the lines, as on the plate. Through all 
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these points draw lines 1 to 1, 2 to 2^ &c., parallel to the sides of the 
rectangle, in both directions, forming thus a series of squares. 
Through, the latter draw both diagonals from one side of the rect- 
angle to the other, and through their intersection with each other 
the centres of the circles are obtained. Within the rectangle formed 
by the lines from 1 to 1, and with a radius equal to one of the 
divisions, draw &om these centres the circles, which will touch each 
other at four points of their circumference. On both sides of these 
lines (called the ridge lines), and at a distance of one-ninth of one of 
the parts, draw parallel lines ; in a similar manner draw lines on both 
sides of the straight lines which form the crosses within the circles, 
and on both sides of those i^ the borders, taking care to stop them at 
their points of junction with each other. For the smcUl circles within 
the square at each corner of the border, make the radii one-ninth, 
two-ninths, and three-ninths of one of the parts respectively. At 
last draw the mitre joints. 

Note, — Great care must be taken to draw the circles correctly so as 
to prevent jarring at their points of junction. The beauty of this 
delicate design depenc|s entirely on accuracy and neatness. 

Exercise. — The length of a panel is 6 feet, its width 4 ; in it draw 
the above design at a scale of 2 inches to the foot. 



tLATE XVII. 

Figure 63. — Design for an inlaid table tojp. 

Describe a circle x x «, with a diameter of 0"'*20, representing 
a table five feet in diameter, the scale of equal parts being 
four centimetres to a foot. From the same ceiitre, and with a 
radius of half the length of that of the previous circle, describe 
the dotted circle ah ah^ &c. In the circumference of this smaller 
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circle find the points a, b, a, b, <&c., being the angular points of a 
regular duodecagon inscribed in a circle. (See figure 12, Plate III.) 
From all these points draw diameters a to a, 6 to b. Construct the 
two equilateral triangles a a ahy lines drawn from a to the next 
but one a, in the circumference of the inner circle. On lines drawn 
between every two adjacent points b as bases, erect the equilateral 
triangles b cb, and from the points e as centres, and with a radius 
equal to e b, describe the arcs b db, intersecting the diameters a a in 
d. Between the points d d draw lines parallel to the flides of the 
equilateral triangles a a a, thus forming their inner lines. 

From the points c as centres, and with a radius equal to cb, plus 
the distance between the outer and inner lines of the equilateral 
triangle, describe the inner arcs of the figure bb b. The parallel 
lines within each band measure a quarter of the width of the bands. 

For the construction of the star in the middle^ describe, from the 
points d as centres, and with the radius d i, the arcs i n i, inter- 
secting the diameters a a in the points h ; between these points de- 
scribe the arcs n n from the centres d, and with the radius d n. 

The diameters of the small circles, placed between the points i i 
of the star have the length of the width of the bands of this star. 

Draw all round the figure the parallel lines g h and h g^ at a 
distance of half the width of the bands of the equilateral triangles, , 
and the central figure is completed. 

To finish the zigzag that interlaces with the serpentine band, con- 
struct on lines drawn between every two adjacent points a as bases, 
the equilateral triangles aea, and through the intersection of the 
lines e a with c & in /one line of the zigzag c f, ef, &c., is obtained. 
The lines parallel to it are at a distance equal to the width between 
the lines p^^ and bdb. 

To construct the serpentine band draw arcs from all the points /as 
centres, and with a radius of one-third of the lines/ e or/c; describe 
oihex8| alflOi in a contrary direction itam the points e and c as centros 
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and with a radius of two-thirds of fe or /c, meeting those pievionsly 
drawn. The outer ares of the serpentine band must be drawn from 
the same centres at a distance from the inner equal to the width of the 
zigzag band. 

In describing the circles of the outer border of the table, make the 
distance x n equal to the width of the serpentine band m m, and n o 
equal to half of a; Uy and lastly o p, again equal toxn. 



PLATE XVIII, . 

FiGURK 64. — Design for an embossed book or album cover. 

Make the rectangle A B C D, with a length of id, and a width 
of 28 equal parts of, say a quarter of an inch each, and number the 
divisions as on the plate. 

Thi'ough the points ,8 draw g g parallel to the sides of the rect- 
angle, forming, by their intersection, the inner rectangle e e e e. 
Through the points 14 in A D and B C, and through 21 J in A B and 
D C, draw the lines E F and G H, making the latter of any indefinite 
length. Through 6 J draw the four lines a a intersecting E F in 
b b, and G H in c c j the distance b b will be the length of the 
major axis, and the distance c c, the length of the minor axis of the 
large <yvdl, which must be constructed according to directions for 
figure 27, Plate lY. The divisions of the line bl) into 6 equal parts 
are lettered q, d^ d, r, r, corresponding to E, a, a, 1, 1, of figure 27. 
The smaller oval in the centre is to be constructed according to 
directions for figure 22, Plate IV. ; its larger axis//, corresponding 
with A B, its smaller one d d, with D C, its centres m, m with 1, 1, 
and the centres n, n with 2, 2. For the construction of the circles^ 
make the distances b h equal to c /, and the radius r A is obtained. 
The sides of the triangrdar figures z z z must be drawn parallel to 

b2 
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the ovals and ciroles respectively, at a distance from them equal to 
6 ^ or c/. 

For the construction of the plaited border draw through all the 
divisions on the sides of the rectangle slanting lines, as indicated by 
the auxiliary lines. To avoid confusion, draw first the four lines 
from points 1-1 on A D and B C, to the points 14 on A B andD C. 
All the rest of the slanting lines must be parallel to one or the 
other of these. 

For describing the arcs of the circular portion of the bands, draw 
the lines p p through the points 2|, and q q through the points 
4i, on all four sides, and the points of intersection of these with 
the slanting lines will be the centres for the arcs. 

The inner parallel lines of the ovals, circles, triangular figures, 
and bands of plaited borders may be drawn at a distance of one- 
fifth of the width of the bands of the border. 



PLATE XIX. 

The figures in this plate have two objects. First, to show 
what a variety of interesting figures, besides those already de- 
scribed, may be composed of the elements contained in the 
first four plates. Few and simple as these elements are — ^they 
are virtually only the straight line and the circle — ^there is really 
no limit to the number of designs and to the variety of forms 
that may be composed of them ; just as nature produces, with 
a few chemical elements only, all the endless and beautiful diversity 
in the vegetable kingdom. Secondly, to afford the pupil the oppor- 
tunity of exercising his own skill and powers of reflection in dLEh 
covering for himself the manner in which certiain figures are to be 
censtructed on a larger scale. Consequently, only a few hints are 
given for the oonstruction of most of these figures, and for some 
none at alL 
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FiouRBS 65 TO 77. — Stvdiea of various eombinations or destgns 
composed of the elementary figures contained in the previous 
plates and exercises. 

FlGURH 66. 

The basis of this figure is the pentagon. (See figure 15, Plate 
III.) The width of the angular interlacing bands a a a is obtained 
by the intersection of the lities ana, with diameters drawn from 
the next point a to & on the opposite side of the circumference. 
The manner in which the centres for describing the arcs h b are 
obtained is indicated by the dotted lines ;b r ia equal to h h. The 
width of these bands is equal to that of the acgular bands ; half the 
width IS to be put on each side of b b, (Compare this figure with 
that within the zigzag of figure 63.) 

Figure 66. 
The basis of this figure is the hexagon. (See figure 12, Plate 
III.) The centres r for the arcs of the figure are obtained by the 
intersection of the sides of two equilateral triangles, aaa and bbh^ 
with the radii a and b. 

Figure 67. 
The basis of this figure is the octagon. (See figures 13 and 14, 
Plate III.) First letter the points of the octagon ; draw the diame- 
ters, and also the lines ab, d c, &c., and through the intersection of 
the latter with each other are obtained the points w, through which 
the inner lines are to be drawn parallel to them. To obtain the 
radii of the circles for the circular band m m divide a n into three 
equal parts, and the distances &om the points of division to the 
centre are the radii. 

Figure 68. 
The basis of this figure is again the octagon. Find all the points 
a, &, and c, draw radii from the centre to these pointS| and the linei 



anhfhn a, &c., intersecting each other in n. Through these 
points draw lines parallel to an, h n, &c., forming thus two inter- 
lacing angular figures. The centres for the arcs c c are the angular 
points of the two squares round the figure. The width of these 
hands is the same as that of the hands of the angular figures. 

FiauBB 69. 

The basis is again the octagon, Eind the points of the octagon, 
and describe squares a a a a and h bb b through the points 1 and 
2. Draw diameters from 1 to 1, and from 2 to 2. Produce the 
sides of the squares till they meet each other ; their points of inter- 
section are the centres of the inner arcs 1-2 and 2-1. The width 
of the border is optional. 

FlGUBR 70. 

The element is the equilateral triangle in a circle. Draw radii 
from the centre to the points a, and mark off on them any desired 
width & of the bands. From each of the points b draw lines to 
the two points a in the opposite half of the cucle ; bisect them, and 
erect on them, at the points thus found, perpendiculars, intersecting 
each other in r, the centres of the arcs aba. 

FiQuiM 71. 
Bequires no explanation. 

FlGUBB 72. 

The element — t?ie hexagon. 

The centres of the arcs may be found either by the method 
employed in figure 70, or by describing the inner circle a a a and 
dividing it into six equal parts to get the points r, which are the 
centres for describing the arcs r O r with the radius O a. 

FlGUBB 73. 

Beqmres no ezplanation. 
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FiouBH 74. 

Divide the circamfeience of any circle into sixteen or any other 
namber of equal parts; draw radii to the points thus obtained^ 
bisect thenii and the points of bisection are the centres for the radial 
semicircles. 

FlGUBB 75. 

Through the centre of any circle draw a diameter a &, and divide 
it into eight equal parts. Bisect the two first parts on each side of 
the centre, and number the parts right and left from tbe centre 
1, 2, 3, 4, 5. From the points 1 to 4 as centres, and with radii 
equal to the distances of 1, 2, 3, 4 from the centre respectively, 
describe tbe small semicircles ; then return towards the centre, 
describing from the points 3, 2, and 1 tbe radial semicircles. 

Figure 76. 

This is an interlacing of two flat oval rings. The centres of the 
arches are the angular points of the square a a a a. 

Figure 77. 

Two flat circular hands, seen in an oblique position, thus offer- 
ing to the eye two oval figures. The ovals may be made by the 
method used for figure 22, but care must be taken to place the axes 
of each pair of ovals, a a, & &, at a distance from each other equal to 
that of the width of the bands. Join the ends of a & by a straight 
line. 

Figure 78. — A chain border. 

Its construction is indicated by figure 78', in which the points a a 
in the small square are the centres of the arcs required. Figure 7V 
is the beginning of a modification of the chain, the additional cen- 
tres for the small arcs being the points b. 
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Figure 79. — A flag staff with a streamer. 

Figoie 79' shows its construction, the centres of the arcs being 
the points a and h in the squares. Figure 79'', is a modification of 
it, caused by the introduction of a second serpentine streamer 
between the first. 
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C— PLATES XX.-^XXIV. FIGUEES 80-100. 

APPLICATION OF LIKEAR DRAWI:N"G TO EASY 

SCIENTIFIC, ARCHITECTUEAL, MECHANICAL, AND 

ENGINEERING PUEPOSES. 



PLATE XX. 

Elementary geographical^ and astronomical diagrams, 

FiaURBS 80* and 806. — Geometrical projections of the terrestrial 

globe. 

Figure 80^ 

This diagram shows the geometrical projection of the northern 
half of our globe on the plane of the equator. The centre N of the 
figure represents the North pole ; its circumference at the base the 
equator. The concentric circles represent parallels of latitude^ and 
the dotted circles the Arctic circle, and the TVopzc oj Cancer, The 
parallels of latitude are drawn at a distance of ten degrees from each 
other. The lines radiating from N to the circumference represent 
meridians (lines of longitude). The line N represents the 
first meridian, and passes through Greenwich. The meredians to 
the right of the first indicate east longitude, those to the left of it 
west longitude, up to 180 degrees respectively. 

On the circumference the distance between every two meridians 
represents ten degrees, or two nautical miles, of upwards of 6,000 
feet each. 

As the distance between the meridian lines diminishes towards the 
north pole, the length of a degree of longitude also diminishes. In 



the latitude of London the length of a degree of longitude is about 
37 nautical^ or 42| English miles. 

FlQUBB 80*. 

This diagram represents a geometrical projection of half of the 
terresterial globe, on a plane passing through the poles. The part 
above the line representing the equator corresponds with the 
previous diagram, figure 80*. The other part, s(mth of the equator, 
is similar to the upper portion. The lines drawn from pole to 
pole, all but one being curved, represent the meridianst and cor- 
respond with the radial lines in figure 80** ; the lines parallel to 
the equator represent the parallels of latitvde^ and correspond with 
the concentric circles in previous figure ; the dotted lines represent 
the Arctic and Antarctic circles, and the tropics. 

Both figures should be drawn at the same time. Describe two 
circles with a diameter of about four inches, divide each circumfer- 
ence into four equal parts, and subdivide each into nine equal parts. 
From the points thus obtained draw in figure 80* radial lines to 
the centre N, representing the meridians. In figure 80* from the 
points of division draw lines parallel to that representing the 
equator. These are parallels of latitude. 

The length of the radii of the concentric circles in figure 80« 
is half the length of the corresponding parallel of latitude in figure 
80* 

To obtain in figure 80* the points on the equator through which 
the curves must be drawn from pole to pole, either drop perpendicu- 
lars upon the equator from the parallels of latitude at their meeting 
with the circumference, or lay down the lengths of the correspond- 
ing radii of the concentric circles in figure 80*. These curves, 
representing the meridians^ are drawn in the diagram as arcs of 
circles ; in reality they are elliptical. To obtain the centres fox 
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describing these cnrv^, draw lines from the points of intersection 
of the meridians with the equator to either of the poles. Bisect these 
lines and erect perpendiculars at the points of bisection, producing 
them to meet the equator. Their points of intersection with each 
other are the centres of the curves. The mode of finding the dotted 
lines representiiig the Arctic and Antarctic circles and the tropica 
will be explained in the next figure. 

Figure 81. 

Describe a circle of the same size as that of figures 80* and 80* / 
draw W E and N S. Through the point o draw the dotted line 
a & at an inclination of 23^ 27' to the equator, representing the 
sun's ecliptic. From the extremities of this line in a and h on the 

■ 

circumference, draw lines a f and h g parallel to the equator, they 
will represent the lines of the Tropics. 

Through the point o draw a line at right angles to a h, meeting 
the circumference in e and d. Draw e h and d i parallel to the 
equator ; these lines represent the Arctic and Antartic circles, and 
are 23° 27' distant from the poles, or 66° 33' north and south of the 
equator. 

Now insert in figure 80* the Arctic, Antarctic, and Tropical 
lines, and with radii equal to half the lines representing the Arctic 
Circle, and the line of the Tropic in figure 80^ describe, in figure 
81*, the Arctic Circle and the line of the Tropic. 

Figure 82. — The Marin&ii's Compass. 

Divide the circles into quadrants, and mark the points N. S. E, W, 
Divide each quadrant into eight equal parts, and the 32 points of 
the compass are obtained, the distance between any two points being 
11° 16'. Each point is divided into four parts, called quarter 
points. 
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Figure Si.'-^The ellvpse. 

Let A B and C D "be the longer and shorter diameters. Let 
them bisect each other at right angles in E. From the points C 
and D, with a radius equal to half A B, describe arcs intersecting 
each other in F. The points F are the foci of the ellipse. From 
each of these points, with a radius equal to F F, describe a^s on 
both sides of A B ; from F as centres, and with a radius equal to 
twice A F, draw arcs intersecting the previous ones in a ; these 
points are in the circumference of the ellipse. To find any other 
points, say b, draw arcs from F as centres, with a radius of any 
length greater than F C ; deduct the length of the radius just 
employed from the total length of A B, and with the difference as 
radius, describe from F arcs intersecting the previous ones in h. 
Draw arcs carefully between these points, and the ellipse is 
obtained. The greater the number of points, the more easily will 
the figure be drawn. 

FiQURH 84. — Ths Planet Saturn uiith its rings. 

Draw the larger ellipse A B C D as shown above, making the 
proportion of the larger diameter to the smaller one equal to that 
given in the diagram. Determine in the same manner the diameters 
aa, cCf e e of the inner ellipse ; draw A D, and parallel with it, 
from ace the lines ah, cd, e g, meeting E D in &, ^ and g, 
and £ &, £ (2, and £ ^ are respectively half of the smaller diameters 
of the inner ellipse. 

FiGURB 85. — Side view of the relative positions of the Earth and the 

Sun at the four seasons. 

This diagram requires no explanation. 
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PLATE XXL 

Ground plan and Elevation of a small railway station. 

These plans are drawn, as noted at the foot of the plate, at a scale 
of one-eighth of an inch to a foot, hut must he drawn hy the pupil 
at a scale of quarter of an inch to a foot. The dimensions of the 
Yarious parts are marked in feet and inches, the distances to which 
they apply being indicated by light lines terminated by the head 
of an arrow. * Thus, for instance, the openings between the pillars 

of the arcade are marked < 4' 10" > , meaning that their 

vddth is 4 feet 10 inches. 

Figure 86*. — Ground jplan of the station, . 

By adding up the dimensions, marked at the outside of the build- 
ing, it will be found that the rectangle forming the ground plan is 
43 ft. 4 in. long, by 28 ft. 4 in. wide. 

Draw this rectangle and bisect it by the line a b. Erom this 
line, and from the line I m, which represents the side of the build- 
ing facing the railway, all the parts of the plan must be measured 
off. As a general rule the centre line of the various openings, and 
the prominent lines of the angles of the various portions^ should first 
be drawn. 

In this plan, for instance, measure off from the centre line a b, on 
the ]me'n o, 9 ft. 4 in. on each side, thus obtaining at the points c c 
the breaks in the line of the front walL These breaks are 6 in. 
wide, therefore the firont line of the arcade wall must be set back 
that distance from the line n o, LisidA the outline of the plan, and 
at a distance of 14 in., draw parallel lines all round the figure, and 
the outside walls will be represented. From these lines draw the 
partitions according to the indicated dimensions ; for instance, the 
length of the waiting-room and luggage-office is 15 ft. 6 in. measur- 
ing from the wall I m, make the thickness of the partition equal to 
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6 in,, and a widtb of 9 ft. 7 in. is left, for the interior of the vesti- 
bule. 

For the partition walls of the small waiting-room draw lines at 
5 ft on each side of a h, and make the thickness of the walls 6 in. 
In the vestibule measure off on each side of a & a distance of 10 ft., 
where walls 6 in. thick must also be drawn. The width of the 
staircase is 6 ft. 8 in., and the partition wall between it and the w.c. 
4 in. thick, leaving a width of 3 ft. for the w.c. The openings for 
thedoors, fireplaces, &c., can now easily be marked off in the various 
partitions. To draw the openings in the outside walls for the arcade, 
windows, &c., measure off on the lines a b and I m, firom the centres 
of these openings, half tl\eir width on each side of the centres. The 
completion of the plan presents now no difficulties. 

FiauRB 86b. — The Mevation. 

Draw the ground line A B and the centre vertical line a ^ at the 
same scale as in the Ground plan. Draw J K, representing the height 
of the &ont of the building, parallel to A B, and at a distance of 
23 ft. from it. On each side of a b, and at a distance of 21 ft. 8 in., 
draw the vertical lines e f, and at a distance of 9 ft. 4 in. the lines 
c d. Bisect the distances c eing, and draw the vertical lines g h^ 
At a distance of 6 ft. on each side of a & erect the vertical lines i k^ 
and all the angular lines of the building, as well as the central lines 
for the openings, are obtained. At the proper distances draw the 
lines C D, £ F, and G H, parallel to A B ; draw also the line L M, 
the lower line of the string course, between the ground floor and the 
first story. 

For the openings on the ground floor draw, at a height of 7 ft. 
from the plinth line C D, a line parallel to it ; this is the springing 
line of the arched openings^ and its intersection with the vertical 
centre lines in the points o are the centres of the arcade and side 
wind9WB» By proceeding in the same manner the height 5 ft* 7 iiU| 
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and the width 3 ft. 6 in. of the openings on the first floor will he 
ohtained. The sill is 2 fb. above the string course E F, and the 
architrave round the openings of the window is 5 in. wide. The 
remainder of the drawing needs no further explanation. 



PLATE XXIL— BEIDGES. 
Figure 87. — Arched bridge over a canal toith two side roads. 

This and the following figure are drawn at a scale of five milli- 
metres to the metre, hut must be drawn by the pupil at a scale of one 
centimetre to the metre. 

Draw the line A B for the level of the ground and of the road on 
each side of the canal, and at a height of 7™'5 draw C I), represent- 
ing the level at which the road or railway is to be carried over it. 
Let the line a b pass through the centre of the canal and of the 
bridge ; on each side of it measure off on A B a distance of 7 metres 
for the top width of the canal ; two metres lower, draw a line parallel 
to A B, of a length of four metres on each side of a 5, representing 
the bottom, and draw the sides of the canaL 

Parallel to a b, and at a distance of 6°^*d on each side of it, draw 
lines representing the projecting angles of the abutments of the large 
arch. At a distance of 11™'7 on each side of a ^ draw the lines c (2 
for the centre lines of the side arches. The line for the springings 
of the arches is 3™ above A B, between which and A B, at a dis- 
tance of G™ on each side of a b, draw lines parallel to the latter. 
Similar lines must be drawn at a distance of 3^^ from the lines c d» 
The radius for the semicircles ia 3^, the width of the arch-stones 60 
centimetres. 

For the construction of the central arch, which is half of an oval, 
see figure 27, plate IY«, where the centres required are marked a 
The width of the archrstones is 90 centimetres. 
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The under side of the cornice is a line drawn parallel to, and 7™ 
aboTe A B. The height of the parapet is 1°". The ornamental rail- 
ing mnst be drawn according to figure 60, plate XY., leaving out the 
central bar and the double lines. The projecting towing paths are 
indicated by P P. The height of the courses of stones at the angles 
in this and the following figure is half a metre, the lengths alternately 
60 and 90 centimetres. The height of the stones in the facing 
courses is half that of the others. 

Figure 88. — Iron girder bridge. 

This figure is of the same dimensions as the last, the absence of 
intermediate piers being its recommendation. 

Draw the lines A B, C D, and a ?> as in previous figure. Parallel 
to, and at a distance of 15 metres on each side of a & draw vertical 
lines for the face of the abutments. At a height of 5" 3 above A B 
draw the parallel line c d, representing the under side of the girder, 
and 3™ above this draw another parallel for the upper side of the 
girder, this gives the width of the girder, which is one-tenth part 
of the span — the usual proportion in such bridges. The construc- 
tion of the remainder of the figure presents no difficulty. 



PLATE XXIII. 

Examples of applied physical and meckanical science. 

The diagrams are 'drawn to various scales, and must be enlarged 
when reproduced, due proportions being preserved in all the parts. 

Figure S9.— The Spirit-level 

This instrument is used by meclianics to ascertain whether a 

gurfiGM^ is horizontal a a is a braes plate upon which is fixed the 

letal tube b b, containing a glass tube slightly curved in the 
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middle, and divided into any number of equal partfi. The glass 
tube is very nearly filled with coloured alcohol, the remaining 
space being filled with a small quantity of air marked n. When 
the level rests with the air bubble in the middle, as indicated in 
the diagram, the plate a a is perfectly horizontaL 

FiQURH 90. — The Water level. 

This instrument is used in measuring the undulations of extended 
surfaces. 

a a is a brass tube upon which are fixed two glass bottles con- 
taining water and communicating through a a. The point c repife- 
sents a metal cup fitting to a tripod wooden stand about 4 feet 
high. When the instrument stands at rest upon a horizontal 
surface, the water in the bottles stands at h b, and the line joining 
these points is horizontal. When it stands at rest upon a sloping 
surface the water still assumes a horizontal position in the bottles, 
and the change of level is measured by means of the line b, b. 

Figure 91. — Application of the Lever of the first hind 

Figure 92. — The Wheel and Axle, 

Draw two circles touching each other, the radius of the one being 
one-third of that of the other. Nearly half the length of the teeth 
must be on each side of these circles, pitch circles, as they are called, 
the outer half being a little shorter than the inner. 

Figure 93. — The Inclined Plane, 

The part A on the left represents a waggon drawn up by a rope 
passing over a drum at the top of the plane. 

The part B represents a waggon propelled by steam, applied io a 
mechanism similar to that in Figure 92, working on a toothed raU. 
or rack laid up the middle of the road. 

Both these inclined planes have a rise of ''three in ten,'' that isi 

y 
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for every ten feet in the length of the plane there is a rise of three 
feet in height. The system £ is applied on mountain railways. 

Figure 94. — Fusee of a watch. 

a is a cylinder containing a spring ; to this cylinder is attached 
the chain from 6, the fusee of the watch. In winding np the 
watch we coil the chain round the fusee, be^nning at the largest 
part of it, and going on to the smallest. At the same time the 
spring in the cylinder has been wound up to its full force by the 
chain. In that position the tension of the spiral spring within the 
cylinder is greatest, and draws the chain gradually round the 
cylinder, unwinding it from the fusea The augmentation of the 
leverage on the fusee from the top towards the bottom, propor- 
tionate to the increase of its diameter, compensates for the diminu- 
tion of force in the spring, as it gradually uncoils, and a uniform 
motion is thus obtained. 

Figure 95. — A timepiece. 

The pupil is recommended to draw at a convenient scale the 
front view of any timepiece that may be within hia observation, 
beginning with the diameter of the dial. The dotted lines show 
the manner of finding the centres for describing the circular por- 
tions of the diagram. 

Figure 96. — Anchor eacapemeni of a clock. 

This mechanism regulates the motion of the clock. Diagram A is 
a geometrical side view, showing the connection of the escapement 
with the pendulum ; diagram B is a front view of the anchor and 
the escapement wheel. The corresponding parts in both diagrama 
are indicated by the same letters. 

The vibration of the pendulum a communicates its movement to 
the forked bar d eff which is fixed on the axis / g, giving it thus 
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a rocking movement. During each movement one of the teeth of 
the wheel i i escapes alternately in either of the points n n, hence 
the name escapement The rotation of the wheel i i thus reguh^tes 
the movements of the whole work of the clock. 

Figure 97. — The Barometer and the Thermometer, 

As a model for the case of the barometer the pupil should take 
any barometer that may be within view. The dotted lines show 
the manner of finding the centres for the circular portions of the 
case. 

The diagram on the left represents the glass tube containing the 
mercury, and the m/)du8 operandi of the hand. To a thread passing 
round the axis A is fixed at each end a small glass bulb filled with 
mercury, the one dipping into the glass tube being heavier than the 
other. With each rise or fall of the mercury in the glass tube, the 
glass bulb dipping into it rises or falls to a similar extent, and 
moves the axis on which the hand is fixed. 

In the little thermometer at the upper end of the instrument, 
the divisions into degrees may be made according to the scale of 
Fahrenheit^ Eeaumur, or Celcius; the last is called centigrade^ 
because the' distance between the boiling and &eezing points i& 
divided into 100 parts or degrees. 

Figure 98. — The hydraulic press. 

In employing this machine we take advantage of the facts that 
liq^uids are incompressible^ and that they transmit pressure equally 
in every direction. If, for instance, pressure is applied to one 
square inch of the surface of a liquid, that amount of pressure is 
transmitted to every square inch of surface of the liquid, ani the 
total amount of resulting pressure is proportionate to the total 
number of square inches that have been applied. 
. Tho part A A represents an iron oistern, to which is adapted a 
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pump, the barrel of which dips into the water in the cistern. At 
the bottom of this barrel is a valve c, which at each upward stroke 
of the plunger d opens, and admits a certain quantity of water into 
the barrel At the down stroke of the plunger this valve closes 
and the water is forced through the tube d^ opens the valve e, and 
runs through the connecting tube t to the cylinder B. 

Any pressure applied to the plunger h is communicated to the 
surface of the water in B, forcing upwards the ram g with a pres- 
sure so many times greater than the force applied to the plunger 5, 
as the surface of the under side of the ram g is greater than the 
under side of the plunger h. For instance, let a force of 60 pounds 
be applied to the extremity a of the lever of the force-pump, and 
the amount of this pressure, through the leverage due to the dis- 
tance of a from the fulcrum be increased four times, thus increasing 
the whole pressure to 4 x 50 = 200 pounds. Now let the areas 
of the under surfaces of the plunger and of the ram be respectively 
one square inch and 250 square inches, then the pressure applied 
to the ram is 200 x 250 = 50,000 pounds. 

This is a machine of truly tremendous power, and is employed 
where great force is required ; as, for instance, in pressing cotton. 
It was employed in ndslng the Britannia Tubular Bridge, when a 
fiteam engine was used for working the force-pump. 



PLATE XXIV.— STEAM ENGINES. 

FiauBB ^^.-^Newcomen^B* 

Newcomen's steam engine— the first applied to practical purposes 
in England, and here drawn to a scale of half an-inch to the foot. 

Let A B be the line of the surface of the ground. On it erect 
the perpendicular a a, representing the axis of the well from which 
water Ib to be pumped, and at a distance of 10 feet 3 inches from it 
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draw the perpendiculars h h, representing the axis of the sieam 
generator and of the steam cylinder. Draw c c parallel to a a and 
equidistant from a a and b b. Measure off all the horizontal lines 
or heights from the line A B^ and all the vertical lines from the 
centre lines a a, b b^ and c c. The links of the chains on the plate 
are made by the interlacing of rectangles with each other. The 
drawing of the remainder of the diagram presents no difficulty. 

FiGUBB 100. — Tlie Rocket 

The " Rocket," the first locomotive engine, constructed by Greozge ' 
Stephenson in 1829. 

Let A B represent the upper surface of the rails. At a and b 
erect perpendiculars at a distance of 2 J metres from each other, and 
at a scale of 10 centimetres to the metre. On these lines measure 
off the heights of half the diameters of the wheels. Through the 
centre of the large wheel, called the driving wheel, draw the line c d, 
finding first the angle which this line makes with A B. From the 
working lines thus obtained the drawing can easily be completed. 



THE END. 



LETTBE FBOM HENEY WEEKES, ESQ., ILA., 

LECTUBEB AT THB BOTAL ACADISICY. 

2f EocLESTOK Stbekt, Pimlioo, 
Ike. 27^ 1873. 
DeasSie, 

I haTe examined the Text and Plates of your new work on Linear 
Drawing, and can, without hesitation, say that your objt;ct is a good one, as 
I understand it, namely, to lead the pupO through elementaiy geometry into 
ornamental design. 

Few of our youths have hitherto been taught the immense yalue of the rule 
and compasses, and to what an extent shapes of the most fS&nciful kind may 
be produced by them alone. 

The old gothic architects were great masters in the use of them, and hence 
the many beautiful forms we find in their works, combined with sound archi- 
tectural constructiveness. The study of Linear Drawing of this kind, whilst 
it made them profoimd geometricians, led them gr?) dually into art of a higher 
naturo, and the consequence was that, when their hand was guided by the eye 
alone, it never departed from what was expressive both of beauty and fitness. 
Their line and rule, or, in other words, their geometrical knowledge, uncon- 
sciously governed their fancies, and so prevented them from becoming wild 
and absurd. 

Every man should, in my opinion, be a geometrician, whether he be brought 
in contact with art or not, as it tends to give him that proper balance of mind 
necessary to sound thinking of all kinds. 

Allow me to congratulate you on taking a step in the right direction, and 
to wish you all the success your attempt, so well carried out, deserves. 

I remain, 
Dear Sir, 

Yours faithfully, 
O. G. Mast, Esq. H. WEEKES. 
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The following are extracts from Reviews of this work :— 

** Among other educational works of a high class lately published, we may 
mention the excellent treatise on ** French — Practice and Theory," by G. C. 
Mast (Bean, New North-road, London). Small in bulk and unpretending in 
style, this volume quite bears out the character which its author claims for it, 
as embodying a new, practical, and natural method of learning to speak and 
to write the French language. The arrangement is clear and simple, and the 
exercises comprehensive as well as lucid. — The Daily Telegraphy May 12, 
1873. 

** Mr. G. C. Mast has discovered a happy method of making instruction in 

the French language both certain and pleasing This little book well 

deserves the attention of educationalists, and also of persons desirous of in- 
structing themselves in the French language, to whom it will afford certain 
and pleasant assistance." — The News of the World, Oct. 6, 1872. 

"This is an admirable little book. The phrases, such as are in daily use, 
are adapted to the capacity of juvenile students, and grammatical rules are 

blended with familiar conversation The book is well printed and 

published at a very reasonable price." — The Civil Service Gazette, Oct, 12, 1872. 

*'Mr. Mast has achieved a triumph. Successful and experienced as a 
teacher, he has turned his experience to good account. In contradistinction 
to the synthetic method of teaching adopted by OUendorf and others,, by 
which the structure of the lan^age is dissolved into its elements, Mr. Mast 
retains its structure in its integrity, and teaches his pupils to observe what is 
most beautiful and useful in the various parts of the fabric, and then with the 
model still present before their eyes trains them to imitate the perfections they 
have admired. This little treatise will be found a valuable help and service 

to teachers and pupils." — The English Church/mmi amd Clerical 

Jowmal, Nov, 14, 1872. 

'* The first thing Mr- Mast asks his young pupils to do on their introduction 
to French, is to learn about a dozen ^ncn phrases, ' Ouvrez la porte,' 
'Entrez,' 'Pourquoi,' 'II fait froid,' Dites moi,' &c. Long experience has 
convinced him that this is a better beginning than 'ah,' 'ba,' ' sa,' 'da.' 
On the face of it the method is reasonable, and when it comes as the direct 
result of the author's twenty or thirty years' experience as a teacher of French 
in England and Germany) it commends itself as a plan well worthy of the 
attention of all teachers of French in our schools. .... We look with 
interest for Mr. Mast's plan of dealing with the Accidence. ' Practic and 
Theory ' promises to be a valuable assistance to both teacher and pupiL" — 
The School Board Chronicle, Feb, 8, 1873. 
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